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(54) Adaptive tonal control system with constrained output and adaptation 

(57) An adaptive control system and method for 
actively canceling tones in an active acoustic attenuation 
system has an adaptive parameter bank. Adaptation of 
the adaptive parameter bank can be constrained with 
respect to the null space of a C model of an auxiliary path 
(e.g. speaker-error). Alternatively, output from the adap- 
tive parameter bank can be constrained with respect to 
the effective null space of the C model. The preferred 
system uses singular value decomposition, normaliza- 
tion, and demodulation to implement the methods of con- 
straining output and adaptation. The invention can 
eliminate stability and tracking problems associated with 
over-parameterization. 
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Description 

Fiftlrinfthe Invention 

The invention relates generally to adaptive control systems and methods. The invention is particularly useful for 
actively canceling tones in an active acoustic attenuation system. 

Backg round of the Invention 

In many active control applications, cancellation is required only at discrete frequencies where tonal disturbances exist. 
While adaptive f iiterbased systems using tine f iltered-X and f irtered-U LMS update methods are effective in cancel|ng 
broadband disturbances, adaptive filters can be computationally burdensome when canceling tones, especially if the 
number of cancellation actuators and error sensors is large. 

Moreover in tonal applications, broadband adaptive filters can sometimes be over-parameterized. (>w-paramtf to 
tioncanleadtolackof persistent excitation withinthefilter. Another problem with overparametenzation is that the potential 
exists for output from separate cancellation actuators to increase yet cancel one another, thus avoiding detection by 
error sensors. This can lead to unnecessarily high power consumption, and instability. These problems can be remedied 
via leakage methods, but most leakage methods can compromise performance. 

Another characteristic of adaptive filters is that, with respect to adaptation, there exists an interdependence among 
all tap weight values in the filter. This interdependence can reduce convergence rate. 

As an alternative to the filtered-X and filtered-U LMS updates, Fast Fourier Transforms can be used to transform 
signals from error sensors into the frequency domain as a set of complex numbers. The real and imaginary part can 
then be separately filtered through the complex transpose (i.e. Hermitian transpose) of a transfer function representing 
the speaker-error path. This procedure accounts for phase shifts and delays through the speaker-error path and can be 
used to improve stability. But, this procedure can be quite burdensome computationally, and also increases time to track 
changes in the system. 

It is therefore desirable to provide a method of attenuating selected tones in a system input that avoids over-param- 
eterization accounts for phase shifts or delays through the speaker-error path, reduces the required amount of process- 
ing and improves the convergence rate of the system, while at the same time maintains long term stability. 

S ummary of the invention 

The invention provides an adaptive control system and method that is capable of effectively attenuating selected 
tones in a system input without the problems described above. 

In one aspect, the invention is a tonal control system and method in which the output from an adaptive controller is 
constrained with respect to the null space (or an effective null space) of an auxiliary path (e.g. a speaker-error path in 
a sound cancellation system). The system has a plurality of actuators each receiving a correction signal y n and outputting 
a secondary input which combines with a system input to yield a system output. A plurality of error sensors sense the 
system output, and each error sensor generates an error signal. An adaptive controller outputs the correction signals 

40 y n to the plurality of actuators. ... „■ 

The adaptive controller has an adaptive parameter bank that outputs a plurality of output signals in accordance with 
adaptive parameters. The adaptive parameters in the adaptive parameter bank are normally updated using the error 
signals or some signal derived therefrom. The adaptive controller also has a model of the auxiliary path between the 
output of the adaptive controller and the error sensors which is referred to as a C model. The C model has an effective 
range and an effective null space, the effective null space being defined as the subspace spanned by y n . such that Cy n 
= 0 or close to zero where C is a matrix representing the C model, and y n is a vector representing the correction signals. 
The adaptive controller also has an output weighting element that inputs the output signals from the adaptive parameter 
bank and weights the output signals to generate correction signals y n which are constrained to be within the effective 
range of the C model. 

A preferred method to weight the output signals so that the correction signals are within the effective range of the 
C model is to use a singular value decomposition of a C model matrix such that: 
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C = USV H 



where S is a real-valued matrix in which the off diagonal elements are zero, U is a unitary matrix, and V* is the Hermitian 
transpose of a unitary matrix V. The output weighting element can then include a matrix representing -VS U , and it 
may be preferred in many applications to selectively normalize the diagonal elements in S H . In another preferred embod- 
iment, the output weighting element can include a matrix representing V. In this embodiment, it is preferred that the 
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be preferred to selectively normalize the dagonal elements of 5 . . ^ ^ respect to the effective 

'nanotheraspectofthe invention, ^ adap^tion^e pa = 
null space of the C model. In such a system* _ ^™ 0 ^ signals are used to generate the correction 

plurality of obsignate in accada-K^ * ^ sj ^ ^ be used directly as the 

signals y n , and in embodiments wrihout am ^J^SSS!^Zi^^ error signals from the error 
correction signals y„. The adaptive controller has am g ^ peters .n the 
sensors and weights the error signals tc ^"^^ 

adaptive parameter bank. The error we.ghting £ e J or weighting element can be represented 

tobe within the effective^ 

by the matrix -VS H U H . In another .w*od«nenl descrtosd I above, ™ ^ sH 

error weighting element set to -S"UH where rt may be ^ 

inanother aspect, the invention proves a system and meWodotae^ |n ^ aspect ^ 

eters in the adaptive parameter bank so that the ^°2^SS^.,^^dunY,«^ 
adaptrvecomrollerintheprefer^ 
tialsariptoperiedsandoiit^ 

of the sequential sample periods. An error uriate generator that applies both an in- 

plurality of error input signals. The adaptive ^S^*!?^^ ^ for "* ™* »*" 
phase demodulation signal and an V^ B ^^^^ a quadrature update signal that are used 
when generating update signals, and outpute an ^^^^^1^ demodulation signal preferably has 
to update the adaptive parameter m the ^^^^^^ signal is preferably shifted 90'. h 

the same frequency as the tone be,ng , but it is preferred to constrain output and/or 

suchasystem.theerrorortheoutputwe.ghtingelementscanbe o u .o 

adaptation as discussed above. problems associated with over parameterization. 

™<x*e\. . . r a affeH ~ of oronaaation delay through the speaker error path. The 

to the received error signal. _ trackina invention can accomplish this object by 

35 matrix is replaced, to promote fast tracking. 
Pr i a < rvogrri ption of th e Drawings 

PIG 1 is a schematic illustration of an active acoustic attenuation system that attenuates a tone at a discrete fre- 

a ^ h 3 Ta« 

an °;T 5 1?*^^ « has an wei9htin9 element in 

accordance with the invention. 
nr » r riptinn nf the Preferrprt Fmbodiments 

F .G.1i>lustratesanactivea^ 
controller 12 to attenuate a tone at a particular frequency hts an adaptive parameter bank 
embodied wrthin a programmable digital signal P^"2*S5L£^ element 26. or both 

systems 10 can effectively attenuate several tones in a disturbance 18. 
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,n the adaptive—*. 
outpulsU^be^ 

the m output signals y be a vector of digital signals, ana ma ^ seC0 ndary input or cancellation s.gnal 1 7 
EacTof the n correction signals y n drives ^ " » e ? 

that combines with a system input to y.eW a 2j«^^2V^^5-«o U lpui« « «p«^ -cl-mrtcjr 
prcpagate into the system and attenu^ 

^summing junction 20. A plurality of p ^^^^TJm 16. the path of the secondary mpuj o 
I in FIG. 1. the path of the n correction ^ 

weighting element 26 is preferably an m x P ™»™- ft m error inpu t signals e, and generates a set of 

\e parameter u^^ 
paramete'rupdatesu.Thepa^ 

hank 13 A scaling vector can be adapted by accumui aim g u ^ adaptive output signals y. 

s tien typically applied to a tonal "^w^^^ 10 «** *" T* *T 

The output weighting element 14 and the ^J^^StedE the actuators 16). and/or to improve the conver- 
ge controller 12 (i.e.. constrain the correction - J^JES^^ ou * ut 14 and anor WeigMin9 elem6 ? 
aence of the adaptation process. There are several methods for general g * &CmodfA . be used to generate 

b"r,s prefSed that a model of the speaker*™ P^*£££ off , ine . M « is preferred that the C 
the output H and error weighting elements 2&The C ™* J™ 0 9 4 677i676 Mdn is incorporated herein by ref- 

uTationfsaccomplished using 

in-phase and quadrature components are formed ta ^the particular eq y ^ ^ _ |jne ana)ysis sucn as 

forming Fast Fourier Transforms on the error s.gn alshas^ £J»J*2J de , jn ^a auxiliary C path, 
avenging or integrating over one or more ^S^^SSSSSSi described generally above. In FIG. 2 the 
FK3 2 illustrates a system 10 .nplementing ***Z?^™ 10 in FIG. 2 is similar to the general system 
system 10 implements a weighted error <^«££££ 1 4 is omitted in FIG. 2 (i.e. set to identty). 

r=^»o^« 

the burden of switching between ^ J"™"^ 12 receives an input signal x(k) from an input sensor 30_ 

in FIG. 2, the adaptive parameter ban k fl jn , ne 12 . The phase locked loop circuit 32 

The input signal is transmrtted to a phase W^SSSSS Iw °f *• *° ne bein <> attenUated ^ ^ 

. u.ss^ 

^feren^ 

,ine 36. and a quadrature reference *>*™^£& £5 « mu.tip.es the in-phase reference 

through line 36 to an in-phase scal.ng element y r of the adaptive output signals y n . The 

so signa?by an incase scaling vector Y R \^^X^SS^» R ■ ** ^ ^ * *~ 
in phase scaling element 40 stores the values of * "JJJJJJ,, mu ^ p ned by a step size 
of Yr are updated by summing the P™*"^"^^ signals y n are generated. The quadrature reference 
Contemporaneously, quadrature consents * ^«JJJJ tne quadrature reference signal 90' to m effert 
signal is transmitted through line 38 to a phase shifter 42 that shifts the qua ^ S|gna , 

derate a sine wave corresponding to ^Tl^^w^X^ reference signa.. Tne quadrature 
Corresponds to a reference signal that has been *^™_2L««Sina vector Y, to generate m quadrature 
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the step size ^ nuadratU re v output signals are summed at summer 46 to generate m 

The m in-phase oujul ^^% m 2 ^HJ n »rrectton signals y n are transmitted to n actuators 16^ 
correction signals y n , where in the case o FIG. 2 m - ' " e are tranS mitted to error we.ght.ng 
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USV" 



umv« unitary and to , on dagon* ^^JHSSSr^lSnxpimto H, - ■Vn'V . 

r^andposftalnoneen^in^e^^ 

ZlSl singula, valuas). In « ~* «• **• -I ■ «™4 b». 



n? < , no\/ /nr-^c/ Qinniitar value}. ^ 



(.02)(/argesf s/ngu/ar value) 
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whereCisamatrixrepre^^^ 

One purpose of applying -VN H U H is that adaption o^b^^ 
of V corresponding to the effective nuil values of N are not ,n ud*hn ft. J^P^J^,. ^^e, it is 

effective null space of C). convenience In the case of n = p [ and N = S 1 , the n x 

ing element 52. Each of the p error signals ep ,s *»™££*J L nd T^uTdrature weighting element 52. The 

contemporaneously transmitted to the in-phase ™^*^*^*J£^ complex elements of the error 

in-phase element 50 of the error "Wfi^ 
weighting matrix H 2 . The quadrature elemert 50 of ^^^^^ 

inarypartsofthecomp = ^^^ 

of the error weighting element 26 confer ^ • ™ e * ft lex elements in a weighting matrix, and 

ment. the term in-phase we.ght.ng „ a r V Cts of the complex elements in a weighting matrix. The 

the term quadrature weighting ^^» h SS^*mBnt 50 and the quadrature element 52 
p error signals e p are processed "-W™"^ of m error input signals are 

to each provide m error input signals e (..e. n = m in the case or r.oa. £ w i 

real, and are transmitted to the update generate. -28. s(jmmers 66 and ^ 

The update generator 28 includes .unctions » ^ U nu*. 26 „ transmitted t0 junction 
set of m error input signals e from the .n-phase dement 50 of the enor w*gro g ^ g6 ^ 

provided to multiplier 64. .HWinri hv the in-ohase demodulation signal 70, which 

The m error input signals e provided to mult.pl.er K w ™Wf signals e provided to multiplier 
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24 is highly resonant the step size n should be smaller. amroximates a reaWme system and accounts for the 

can be generated by a parameter bank 13 m the bnnM«(<« . hase reference 
,ocked loop circuK 32. A is an adaptive ampWude ^^S^Sm *n* 72 and 74 are of the form 
signals 70 and 72 are of the form cos«ok + * .and ft. ^^"^^ ^ from sum mer 66 update 

path of the error surface as the system 10 shown in FIG. 2 - ^ ^ 10 jn FIG 4 ^5 an 

The system 1 0 shown in FIG. 4 implements a contained ^.^r^'^Q \ M * e adaptive 
update generator 28 and an error weighting element 26 that can m Fig 4 an input signal 

parameter bank 1 3 and the output weighting element 14 are 2 T £ut igna. x(k) 

80. Thereafter, the in-phase reference signal .s transm tied to scahng element 84 ana t T J ereafter quadrature 
locked loop circuit 32A also transmits a quadrature reference a 9f ' ^ m l^ Sfelemente M and 90 use the 
reference signal is transmitted to scaling element 90 , , andtc ><f ^f s ^ use the same 

component). transmitted to an in-phase element 96 of the output 

■ ^ETJFSS ^t^Z^SX^Z^ Smmer 94 are transmitted to a 
« we.gW.ng element 14. W(e")J- .™.*~?^, A mKHWahl The in-phase element 96 of the output weighting 

complex elements of the output weighting mattw. HrfeT). The in phase 9* arw tne °-" a ° 
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The remaining part of the system 10 shown in FIG. 4 can be similar to the system 10 described in FIG. 2 except for 
certain distinctions. For instance, the in-phase update signal u r from summer 68 is used to adapt the scaling dements 
84 and 90 (i.e., adapt vector Yr). The quadrature update signal Ui from summer 66 is used to adapt the scaling elements 
86 and 92 G-e.. adapt vector Y,). 

In FIG 4 the output from the controller 12 to 1he n actuators (i.e. the n correction signals y„) can be constrained 
using the techniques of singular value decomposition as described above. Preferably, this can be done > by setting , the 
output weighting element 14 (i.e. oulput weighting matrix H,^)) to the n x n matrix V, and the error ^"O^ert 
260 e. error weighting matrix H 2 (e»)) to -N H U H where U H is the Hermitian transpose of the p x p U matr * and N I is 
the Hermitian transpose of the p x n normalizing matrix N which is formed by taking the transpose of S and invertng 
some of the values along the diagonal S (e.g., the values that are not zero or close to zero) .In such a system^ the 
secondary input does not contain components corresponding to the effective null space of C. That is. the secondary 
irput does not cortain com^nents^ 

selected output signals * and y r corresponding to values in S that are not too close to zero through V to generate the 
correction s£nalsy„thusel^^ 

eSon Also processing the error signals e p through -NV restricts adaptation corresponding the null elements of 

N (i.e. the effective null space of C). „„ . ho _ 

If none of the diagonal elements in N are set to zero, then in the case where there are more error sensors 22 than 
actuators 16. i.e. p > n, the system converges to the same minimum cost function where the solution is given by: 

y„(~)=-(C H C)- 1 c H d ( 3 ) 

where C H is the Hermitian transpose of the p x n C matrix, and d is the disturbance designated by reference inumeral 
18 In addition the system 10 converges in less time than a system implementing the gradient descent method. In the 
case where there are less error sensors 22 than actuators 1 6. i.e. p < n, the controller output y„ represents the minimum 
25 required energy in then secondary inputs for complete cancellation of the disturbance 18. 

The oulput 1 4 and the error 26 weighting elements can be chosen to rotate the coordinates of the system such tha 
each of the n processing signal pairs (i.e., n pairs of Z Re and Z Re ) affects adaptation along one of the principle axis of 
the hyper-elliptical quadratic surfaces of the cost function for the correction signals y n . These pnncipal axes are orthog- 
onal Adaption along these axes depends on the steepness of the axis; however, normalizing with matrrx N normalizes 
adaptation with respect each axis such that adaptation proceeds along each axis at the same rate. Therefore, adaptation 
occurs along a straight line in the controller parameter space towards an optimum solution. Further, the system is decou- 
pled in that each of the n pairs of Zr, and Z Ro do not affect the adaptation of 1he other pairs of Z Re and Z^. 

Moreover using the output weighting element 14 to provide constrained output allows for improved control over 
parameter leakage and for improved control over system monitoring because it allows selective leakage or monitoring 
along selected axes. In addition, the controller 1 2 can be constrained from adapting along axes corresponding to singular 
values by testing for small singular values and setting the corresponding elements of matrix N to zero, or equivalency, 
by not adapting the corresponding processing signals Z R9 or Z Re . 

When tracking it may be useful to switch between an old output weighting element 14 (i.e. old oulput weighting 
matrix H^ehow) to a new output weighting element 14 (i.e. new output weighting matrix H^eHnew)- In the preferred 
case where H Ae^) = V . the transition from an old set of correction signals y n old to a new set of correction signals 
y n naw may be smoothed by using V H new y n , old as the first y n , nw In this manner, the set of correction signals from 
the previous sample period y n M is matched to the set of correct signals for the present sample period y n naw . 

Another method to constrain the output from the controller 12 (i.e. constraining the n correction signals yj. usmg 
the techniques of singular value decomposition, is to omit the error weighting element 26 (i.e. set to identity), and set 
45 the output weighting element 14 to -VN H U H as shown in FIG. 5. In the case of n = p where none of the values of n are 
nulled (i.e. all of the singular values are sufficiently large), H, =- VN U is equal to -C\ An advantage of this method 
is that the output from the controller 12 can be constrained, and only a single processing matrix is required. Alternatively, 
the output weighting element 14 can apply an n x p matrix H , = -C where C H is the Hermitian transpose of the p x n 

so C ^recognized that various equivalents, alternatives and modifications are possible within the scope of the appended 
claims. 

Claims 

55 1 . An adaptive tonal control system having a system input and a system output, the adaptive tonal control system 
comprising: 

a plurality of actuators each receiving a correction signal and outputting a secondary input, the secondary 
inputs combining with the system input to yield the system output; 

a plurality of error sensors sensing the system output each error sensor generating an error signal that can 
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be used to update adaptive parameters; and 

an adaptive controller that outputs the correction signals, the controller having „ aramatere 
^aStivepararnetertenkthatoutputsapluralrtyof o^^^^^^^^ 
aCmodelofapath between theoutput of the adaptive controller and the error sensors, the C model hav,ng 

signals to generate correction signals which are constrained to be within the effective range of the C model. 

A system as recited in claim 1 wherein the effective range of the C model does not include t je effective null space 
d tnfc rSTaSl the effective null space of the C mode, is defined by |Cy nD be.ng small where C .s a matnx 
Hm^SS the C model, and y n is a vector representing correction signals having non-tnvial values. 

A svstem as recited in claim 1 wherein: the C model can be represented as a p x n matrix C that can be decomposed 
as C fu?V ^whe^e S is a p x n matrix in which the off diagonal elements are zero. U is a p x p unrtary matnx. 
and V H is the Hermitian transpose of an nxn unitary matrix V; and eH'.*.u,«ni.«taiM«i 
the output weighting element can include a matrix representing -VS H U H . where S H .s the Hermitian transpose 
of S and U H is the Hermitian transpose of U. 
4. A system as recited in claim 3 wherein one or more of the diagonal elements in S H are normalized. 

5 A system as recited in claim 1 further comprising an error weighting element that inputs the error signals from the 
error sensors and weights the error signals to generate error input signals. 

6. Asyaemasr^ 

of an n x n unitary matrix V; 

the output weighting element includes a matrix representing V; and #ranennc anf 
the error weighting element includes a matrix representing -S H ljH where S H is the Hermitian transpose of 

S and U H is the Hermitian transpose of U. 

7. A system as recited in claim 6 wherein one or more of the diagonal elements in S H are normalized. 

8. A system as recited in claim 1 wherein the adaptive parameter bank outputs a plurality of in-phase output signals, 
and a plurality of quadrature output signals. 

9. A system as recited in claim 1 further comprising an input sensor that senses the system input and generates a 
reference signal in response thereto. 

1 0 A system as recited in claim 9 further comprising a phase locked loop circuit that receives the reference signal from 
the input sensor and outputs an in-phase reference signal that is used in the adaptive parameter bank. 

11. A system as recited in claim 10 further comprising a phase shifter that receives a copy of the in-phas * : reference 
signal and outputs a quadrature reference signal that is 90' out-of-phase from the .n-phase reference s.gnal and .s 
also used in the adaptive parameter bank. 

1 2. A system as recited in claim 1 1 wherein the output weighting element has an '"-P" 956 , 0 ^^^"^ 1 ^,!" 1 : 
and a quadrature output weighting element, and an output summer that sums a signal from the in-phase output 
weighting element and from the quadrature output weighting element and outputs the correction signals. 

1 3 An adaptive tonal control system having a system input and a system output, the adaptive control system comprising: 
a plurality of actuators each receiving a correction signal and outputtjng a secondary input the secondary 
inputs combining with the system input to yield the system output; 

a plurality of error sensors sensing the system output, each sensor generating an error signal; 
an adaptive controller that outputs the correction signals, the controller having 

an adaptive parameter bank that outputs a plurality of output signals in accordance with the adaptive param- 
eters the output signals being used to generate the correction signals, 

a C model of a path between the output of the adaptive controller and the error sensors, the C model having 
an effective range and an effective null space, 
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and VH is the Hermrtian transpose of an . V S H U H . where S H is the Hermitian transpose 

the error weighting element can include a matrix representing 
0 f s and U H is the Hermitian transpose of U. 

17 . A system as redted in Cain, 13 wherein each cordon sign, is the sunken of an in-phase output signa. and 
a quadrature output signal. 

20 13, a system as recited in Cairn 13 further comprising an input sensor that senses the system input and generates a 
reference signal. 

„ Asystemasrecfedinda^ 

sensor and outputs an in-phase reference signal. 

signal and output a quadrature reference signal, 
outputs quadrature error input signals. 

parameters in the adaptive parameter bank 

m ««*». conWW that culputs tie coirecliai W^"™J|" ^ ana a 

so parameter bank. 

24. A system as recited in claim 23 wherein: A: „ M:rtri a i emP nt that receives the error signals and outputs 

ss input signals; and receives Quadrature error input signals and the in- 
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to generate a C path model; 
system output. 

representing non-trivial correction signals. 

28 A method as recited in claim 27 further comprising the step of: 
weight^ the plurality of error signals to yield a pluraMy of error ,nput s,gnals, and 
using the error input signals to update the adaptive parameters. 

29 A method as recited in claim 27 further comprising the steps of: 

manadaptrvecontrolsystemha^ngasystem input and a system output, a method of controlling a tone compns.ng 
^ ""ELb a Path between an output of an adapts controHer and one or more error sensors in the system to 

strained with respect to the effective range of the C model; and 

using the error input signals to update the adaptive parameters. 

representing non-trivial correction signals. 

32 - Ame T P !u^ 

* ^TZCT^lTu&l* using an in-phase update signal and a quadrature ^ 

aregeneraXSa^^ 
periods when adaptation is occurring. 

«*• rffScS* L» ina u*> «. ccn«*» *n*» P<°»*e M s«ond»y qu M con*™* — •» 

system input to yield the system output. 
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34. A method as recited in claim 30 further comprising the step of leaking components of the output signals in the 
effective null space of the C model. 

35. In an adaptive control system having a system input and a system output, a method of controlling a tone comprising 

to steps of: 

inputting a reference signal for sequential sample periods to an adaptive controller; 

outputting a plurality of correction signals from the adaptive controller which are used to generate secondary 

inputs that combine with the system input to yield the system output; 

sensing the system output with error sensors to generate a plurality of error signals; 

modeling a path between the output of the adaptive controller and the error sensors to generate a C path 

model; 

weighting the error signals to generate a plurality of error input signals; .... 

applying an in-phase demodulation signal and a quadrature demodulation signal to the error input signals 
every setmple period to generate an in-phase update signal and a quadrature update signal for sample periods when 
the system is generating update signals; 

using the in-phase and the quadrature update signals to update the adaptive parameters. 

36. The method as recited in claim 35 further comprising sensing the system input with input sensors to generate one 
or more reference signals every sample period. 

37. A method as recited in daim 36 further comprising the step of processing each reference signal to generate an in- 
phase reference signal and a quadrature reference signal. 

38. An adaptive tonal control system having a system input and a system output, the adaptive tonal control system 

COmPr a plurality of actuators each receiving a correction signal and outputting a secondary input, the secondary 
inputs combining with the system input to yield the system output; 

a plurality of error sensors sensing the system output each error sensor generating an error signal that can 
be used to update adaptive parameters; and 

an adaptive controller that outputs the correction signals, the controller having 

an adaptive parameter bankthat outputs a plurality of output signals in accordance with adaptive parameters, 
a C model of a path between the output of the adaptive controller and the error sensors, and 
an output weighting element that inputs the output signals from the parameter bank and weights the output 
signals to generate correction signals, wherein the output weighting element depends on the C model. 

39. A system as recited in claim 38 further comprising an error weighting element that inputs the error signals from the 
error sensors and weights the error signals to generate error input signals. 

40. A system as recited in claim 38 wherein the adaptive parameter bank outputs a plurality of in-phase output signals, 
and a plurality of quadrature output signals. 

41 . A system as recited in claim 38 further comprising an input sensor that senses the system input and generates a 
reference signal in response thereto. 

42 A system as recited in claim 41 further comprising a phase locked loop circuit that receives the reference signal 
from the input sensor and outputs an in-phase reference signal that is used in the adaptive parameter bank. 

43 A system as recited in claim 42 further comprising a phase shifter that receives a copy of the in-phase reference 
signal and outputs a quadrature reference signal that is 90° out-of -phase from the in-phase reference signal and is 
also used in the adaptive parameter bank. 

44 A system as recited in claim 43 wherein the output weighting element has an in-phase output weighting element 
that receives an in-phase output signal from the adaptive parameter bank, and a quadrature output weighting ele- 
ment that receives a quadrature output signal from the adaptive parameter bank, and an output summer that sums 
a signal from the in-phase output weighting element and from the quadrature output weighting element and outputs 
the correction signals. 

45. In an adaptive control system having a system input and a system output, the method of controlling a tone comprising 
the steps of: 
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n^ingapathbetweenanou^ 
to generate a C path model; 

generating a plurality ol output signals; correction signals in such a manner that the 

system output, 
combining. 

^c^sing the in-phase reference sign, with a quadrature scaling vector Y, to generate a second plurality 

^pSn^ 

20 ^SSequa* 
of output signals. 

25 signa, ^ m m^^ 

ZR9: summing the second and the third phn* of output sgnals to form a P .ura.ity of quadrature processing 
^rSessing the in- P h^ 

"^pro^g the quadrature processing sign^s Z lm through a quadrature output weighting element that 
^llTng^uX Processed in-phase processing signals and the P ,ra.*y of processed quadrature 
processing signals to form the plurality of correction agnate. 

sive to m mo, sHinal repress** system the output oHne comrolta ««! the 

to the null space (or effective null space) of the model. 
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